Résumé -Il y a un rapport étroit entre le progrès de la physique des rayons cosmiques et les développements techniques. Ainsi, le développement de chambres d'ionisation de grande sensibilité, éventuellement pour devenir des instruments autoenregistreurs, a été un préalable essentiel à l'observation qui a d'abord suggéré et ensuite prouvé l'origine extra-terrestre de la radiation. L'invention du compteur Geiger-Muller et des dispositifs de coïncidences associés ont ouvert la voie à l'étude des propriétés physiques des radiations locales. De la même façon, les "télescopes" utilisés dans l'étude des rayons cosmiques, composés de compteurs Geiger-Muller, ont permis la découverte de l'effet Est-Ouest, démontrant que les particules delaradiation cosmique primaire ont une charge électrique positive.Le développement des chambres de Wilson adaptées à l'observation des rayons cosmiques et le développement des émul-sions nucléaires ont permis la découverte des "nouvelles" particules élémentaires dans la radiation cosmique locale (le positon, le meson p, le meson TT, les particules "étranges"). De nouvelles techniques utilisant de très grands ensembles de compteurs ont donné un développement important à l'étude des gerbes de l'air, en démontrant que le spectre primaire va au-delà de 10 2 0 eV. Finalement, l'utilisation de véhicules spaciaux associée au développement de nouveaux détecteurs a permis la détermination de la composition chimique et isotopique de la radiation incidente.
Abstract.-A close relationship exists between the advances of cosmic-ray physics and technical developments. Thus the development of highly sensitive ionization chambers, eventually to become self-recording instruments, was an essential prerequisite of the observations which first suggested, then proved the extraterrestrial origin of the radiation. The invention of the GeigerMuller counter and of the associated coincidence devices opened the door to the investigation of the physical properties of the local radiation. Also "c.r. telescopes," made of G.M. counters, discovered the E-W effect, showing that primary c.r. are positively charged particles. The development of cloudchambers suitable for c.r. observations, and the development of nuclear emulsions were responsible for the discovery of "new" elementary particles in the local radiation (the positive electron, the ji-meson, the ?r-meson, the "strange" particles). New techniques involving the use of very large detector arrays produced important advances in the study of air showers showing that the primary spectrum extends beyond 10 20 e.v. Finally, the availability of space vehicles, coupled with the development of new suitable detectors made it possible to determine the chemical and isotopic composition of the incident radiation.
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Nost advances of cosmic-ray physics have been directly related to the development of observational techniques. As you well know, a l l of the early observations were performed by means of ionization chambers. The design and operation of these instruments are illustrated schematically in Figure 1 . The chamber consists of a metal vessel, containing an electrode which i s held by an insulating sleeve, and i s connected to an electrometer. The vessel i s grounded and the inner electrode i s charged to a positive or negative potential. Under. the effect of an ionizing agent, ion pairs are produced in the gas inside the chamber. Ions of sign opposite to that of the inner electrode d r i f t towards t h i s electrode and gradually dissipate i t s charge, while ions of the opposite charge d r i f t towards the walls of the chamber.
If the e l e c t r i c field within the chamber i s sufficiently strong, practically no recombination between positive and negative ions takes place; the rate of discharge of the inner electrode then measures the rate of ionization, i . e . , the rate of production of ion pairs in the chamber.
When applied t o the study of cosmic rays, in the early years of t h i s century, ionization chambers had been already in use f o r a number of years. However, because of the low intensity of the cosmic radiation, ionization chambers had to undergo important refinements before they could be effectively used for the detection and study of t h i s radiation. The f i r s t step was t o develop better electrometers than the old fashioned gold leaf electroscope. Particularly well suited for the new application was the electrometer designed by Wulf in 1909, which consisted of two very thin metal wires held under tension by a quartz fiber.
Placing the electrometer inside the chamber (see Figure 2 ) and using i t as a collecting electrode will minimize the capacitance of the system consisting of the collecting electrode and the measuring electrometer, thereby increasing the sensit i v i t y of the instrument (the rate of change of the voltage equals, of course, the rate of discharge divided by the capacitance). Instead of grounding the vessel and charging the inner electrode to a high voltage (such as i t i s needed to ensure saturation of the ionization current) one can hold the walls of the chamber a t a high voltage, connect the collecting electrode periodically to ground, and l e t i t charge between grounding operations by the ionization current. In this manner, the collecting electrode and the electrometer connected to i t never reach a high voltage; t h i s allows the use of a more sensitive electrometer than t h a t used in the discharge method. In the case of the charge method i t i s essential to avoid any leakage current from the highvoltage electrode (the chamber walls) to the collecting electrode. For this purpose the collecting electrode i s usually supported, through an insulator, by another electrode (the so-called guard electrode), which i s connected through an insulator to the chamber walls. The guard electrode i s held a t a constant voltage, approximately equal t o the average voltage of the collecting electrode.
Finally, since for a given intensity of the ionizing radiation, the rate of ionization i s proportional to the gas pressure, increasing the gas pressure within the ionization chamber offers an effective means of achieving high sensitivity.
Until the middle twenties, cosmic-ray measurements were performed by direct observation of the electrometers; t h i s required the personal attendance of the experimenter. Thus Hess, in 1912, performed his historic measurements by ascending himself, in a balloon, with two companions, up to the altitude of 13,000 feet.
An important advance occurred in the middle twenties with the development of self-recording instruments, i . e . , of electroscopes whose readings were recorded on a moving photographic film. These devices, f i r s t introduced by Millikan and his collaborators, and soon thereafter brought to a high degree of perfection by Eric Regener and his team, greatly extended the observational possibilities of cosmic rays. Pfleasurements could now be carried out, by means of unmanned balloons, a t much greater heights that could be reached with manned balloons. A t the same time the risk and high cost of manned flights were eliminated. Also i t became possible to perform measurements under water, down to very great depths.
The description of an ionization chamber of the discharge type, typical of the improved instruments develo ed in the l a t e 1920's and 1930's was published by Millikan and Neher in 1936 11) . In t h i s chamber, a high sensitivity was achieved by a combination of high gas pressure, very low capacitance of the collecting electrode, and the use of a highly sensitive electrometer. The chamber consisted of a steel sphere 15 cm in diameter, f i l l e d with gas a t a pressure up to 30 atmosphere. Figure 3 shows schematically the design of the electrometer, which was placed inside A technical development of revolutionary importance in the history of cosmic rays occurred in 1928 with the invention of the "tube counter" by Geiger and ~i l l e r ( 2 ) .
With the advent of t h i s instrument, cosmic ray research changed dramatically. For the f i r s t time, the physical nature of cosmic rays became accessible to direct experimentation; for the f i r s t time cosmic ray research became truly a branch of physics.
As i s well known, a Geiger-Miller counter consists of a metal tube with a thin metal wire stretched along the axis and held by insulators (Figure 4) . The tube i s f i l l e d w i t h gas a t the pressure of a fraction of an atmosphere, and a potential difference (the operating voltage) i s applied between the tube and the wire, the wire being positive with respect to the tube. Electrons released from the gas molecules by an ionizing particle crossino the tube will d r i f t toward the wire. I f the operating voltage i s below some c r i t i c a l value (of the order of one hundred or a few hundred v o l t s ) , the instrument operates as an ionization chamber. The electrons produced anywhere in the gas are eventually collected by the wire with no further event. I f , however, t h i s c r i t i c a l voltage i s exceeded, then the e l e c t r i c field in the region next to the wire will become sufficiently strong so that, in
Fig. 4 . ~e i~e r -~i l l e r counter t h i s region, electrons will acquire enough energy between collisions to ionize the gas molecules with which they collide, producing secondary electrons. These, in t u r n , produce more electrons, so that eventually for every electron produced by the ionizing particle, an avalanche of many electrons will reach the wire.
The phenomenon i s complicated by the generation, in the coll ision processes, of photons which release more electrons from the walls and the gas, by photoelectric effect. These, in t u r n , produce more photons, so that a succession of generations of photons and secondary electrons will evolve. However, i f the operating voltage i s not too large, the numbers of electrons in successive generations will form a converging series, so that the total number of electrons reaching the wire will be f i n i t e and, a t l e a s t approximately, proportional to the number of primary ion pairs.
I f , however, the operating voltage i s raised above a certain limit, then the series becomes divergent. Formally, the computed number of electrons reaching the wire becomes infinity. Physically, this means that a discharge takes place; Geiger~i l l e r counters operate in t h i s regime.
As the ions multiply, a dense sheet of slow moving positive ions forms around the wire, effectively increasing i t s diameter, and decreasing the f i e l d intensity around it. Eventually the i n t e n s i t y f a l l s below the c r i t i c a l value needed t o sustain f u r t h e r i o n i z a t i o n . A t t h i s p o i n t the discharge stops.
What happens n e x t depends on t h e nature o f the gas f i l l i n g . I n the e a r l y counters, a simple gas was used ( a i r , argon, e t c . ) .
I n t h i s case, the p o s i t i v e ions formed around the w i r e d r i f t through the gas w i t h o u t l o s i n g t h e i r charge. Upon reaching the cathode (i.e., the w a l l of the c y l i n d e r ) they draw e l e c t r o n s from the metal and become neutralized. I n t h i s process a l a r g e f r a c t i o n o f the i o n i z a t i o n energy i s s e t f r e e and i s released i n t h e form o f photons, which e x t r a c t f u r t h e r e l e c t r o n s from t h e metal walls, thus r e k i n d l i n g the discharge.
Therefore, i n a simple-gas counter the discharge i n i t i a t e d by an i o n i z i n g p a r t i c l e does n o t stop spontaneously, b u t must be quenched by some external means. The simplest method i s t o ground the w i r e through a very l a r g e r e s i s t o r ( o f the order o f lo9 ohms) which allows the voltage o f t h e w i r e t o drop, thus decreasing, f o r a s u f f i c i e n t l e n g t h o f time, the p o t e n t i a l d i f f e r e n c e between the w i r e and the c y l i n d e r below the c r i t i c a l value necessary t o s u s t a i n the discharge.
A useful innovation was introduced i n 1937 by T r a s t ( 3 ) who replaced the simple gas f i l l i n g w i t h a mixture o f a simple gas and o f a p o l i a t o m i c gas; most commonly a mixture o f argon and alcohol vapor. I n t h i s case the p o s i t i v e ions formed near the wire cannot reach the cathode w i t h o u t undergoing many c o l l i s i o n s w i t h t h e alcohol molecules, thereby becoming neutralized. Thus o n l y alcohol ions w i l l reach the cathode. They w i l l e x t r a c t electrons from the metal, again r e l e a s i n g a l a r g e f r a ct i o n o f t h e i r recombination energy. Now, however, t h i s energy w i l l n o t appear i n the form o f photons, b u t w i l l be used t o d i s s o c i a t e the alcohol molecules. Absence o f photons means t h a t the discharge w i l l n o t be rekindled. The counter w i l l be s e l fquenching; i.e., i t can be operated w i t h o u t any external quenching device.
Geiger-M61 l e r counters have many d e s i r a b l e features Their e f f i c i e n c y f o r the d e t e c t i o n o f i o n i z i n g p a r t i c l e s t r a v e r s i n g t h e i r volume i s p r a c t i c a l l y equal t o the p r o b a b i l i t y f o r the p a r t i c l e t o produce a t l e a s t one i o n p a i r i n the gas. With a gas pressure o f about one t e n t h o f an atmosphere (as gene r a l l y used) t h i s p r o b a b i l i t y i s close t o u n i t y .
The operating voltage must be greater than the value needed t o produce a discharge, b u t smaller than the value a t which the discharge cannot longer be quenched. These requirements a l l o w a wide range (hundreds o f v o l t s ) f o r the operati n g voltage ( Figure 5 ) . Therefore the operating conditions are n o t c r i t i c a l . The pulses produced by t h e ~e i g e r -~G l l e r counters are l a r g e (tens o f v o l t s ) and therefore very easy t o detect.
The response o f the G e i g e r -~c l l e r counters i s f a i r l y prompt, the average delay between the a r r i v a l o f an i o n i z i n g p a r t i c l e and the appearance o f the pulse being l e s s than one microsecond.
Used singly, as cosmic-ray detectors, ~eiger-ill e r counters do not o f f e r s i g n i f i c a n t advantages over ionization chambers. However, when used i n coincidence arrangements, they provide a most powerful new tool f o r cosmi c-ray experiments.
The f i r s t application of t h i s technique which appears i n the l i t e r a t u r e i s the h i s t o r i c a l experiment performed by Bothe and Kolh8rster in 1929 (4) . The impact of t h i s experiment on the history of cosmic ray research i s well known. Until then cosmic rays were believed t o be high-energy y-rays. Secondary electrons, generated by Compton e f f e c t , were thought t o be d i r e c t l y responsible f o r the observed ionization. Supposedly, these electrons had a much smaller penetrating power than the parent y-radiation. Therefore they would soon reach equi 1 i brium with t h i s radiation so t h a t ordinary absorption measurements by means of ionization chambers would measure the attenuation of the y-radiation and t e l l us nothing about t h e secondary rays.
Bothe and Kolharster realized t h a t the most d i r e c t method t o t e s t the y-ray hypothesis was t o examine t h e properties of t h e ionizing p a r t i c l e s . For t h i s purpose, they placed two Geiger-Mtiller counters, one above t h e other, a small distance a p a r t ( Figure 6 ) and recorded the simultaneous pulses ("coincidences") due t o t h e passage of individual p a r t i c l e s through both counters. As I mentioned, according t o current views, these ionizing p a r t i c l e s should have been Compton electrons generated by cosmic y-rays above the counters. I f this view was c o r r e c t , a very thin absorber between the counters should have been s u f f i c i e n t t o stop a l l coincidences. Instead i t turned out t h a t a 4.1 cm thick gold absorber produced only a moderate decrease i n the coincidence counting r a t e . Therefore the ionizing Bothe and Kolhdrster recorded t h e i r coincidences by connecting t h e wires of the two counters t o two separate f i b e r electrometers, which were imaged over a moving photographic film. This was a very cumbersome arrangement, severely limiting the scope of the coincidence method. Also, despite e f f o r t s t o improve the time resolution by some ingenious device, this was s t i l l q u i t e modest (about 1/100 s e c ) ; which meant t h a t chance coincidences were a serious handicap.
The f u l l p o t e n t i a l i t i e s of the coincidence method were achieved only w i t h the development of e l e c t r o n i c recordinq devices. (Incidentally, these devices were probably among e a r l i e s t applications of vacuum tubes t o purposes other than handling sinusoidal electromagnetic o s c i l l a t i o n s ) .
The f i r s t c i r c u i t , o r " s e r i e s c i r c u i t " (5) made use of a two-grid vacuum tube. The grids were kept normally a t a negative p o t e n t i a l , and were coupled t o the wires of two Geiger-dl l e r counters through inverters which changed the negative pulses a t the wires i n t o p o s i t i v e pulses. No current would flow in the p l a t e c i r c u i t i n the absence of pulses o r when j u s t one counter was discharged. Only when positive pulses were applied t o the two grids by simultaneous discharges of both counters would a pulse of current appear in the plate c i r c u i t .
The original design of the second o r "parallel" c i r c u i t i s shown i n Figure 7 ( 6 ) . The plates of several vacuum tubes A,B, and C a r e connected together and brought
Fig. 7. Coincidence c i r c u i t t o the positive terminal of a voltage supply through a r e s i s t o r R, which i s large compared with t h e internal resistance of the vacuum tubes, when conducting. The grid of each vacuum tube i s connected t o ground through an appropriate r e s i s t o r , and i s coupled e l e c t r o s t a t i c a l l y t o the wire of a ~e i g e r -~i l l e r
counter. In the absence of pulses, o r when some but not a l l of the counters are discharged, the plates of t h e tubes remain close t o ground potential. Only when t h e grids of a l l the tube: a r e driven t o a negative potential by the simultaneous discharges of a l l Geiger-Muller counters will the current i n the plate c i r c u i t stop and the plate potential undergo a sudden r i s e .
In the e a r l y c i r c u i t s , the resolving time (which i s contro7led by the grid r e s i s t o r s ) was of the order of seconds. Substantially b e t t e r resolutions were achieved i n l a t e r versions.
This " p a r a l l e l " coincidence c i r c u i t has considerable advantages over the "series1' c i r c u i t , the most important advantage being t h a t i t s use i s not limited t o t h e recording of two-fold coincidences.
A few simple, y e t important, coincidence experiments were performed in the following years.
Absorption measurements of cosmic ray p a r t i c l e s were extended t o about one meter of lead (7) ; threefold coincidences instead of twofold coincidences were used i n t h i s experiment, so as t o reduce the chance coincidence r a t e .
Two counters, in coincidence, arranged as shown i n Figure 8 were used, a s a "cosmic-ray telescope", t o s e l e c t p a r t i c l e s incident from a r e s t r i c t e d sol id angle. The f i r s t important r e s u l t obtained by means of cosmic-ray telescopes was the discovery, i n 1933, of the "east-west e f f e c t , " showing t h a t primary cosmic ravs consisted ( t o t a l l y o r primarily) of positively charged p a r t i c l e s (8) , (9), (10) .
Attempts were made t o d e t e c t the deflection of cosmic-ray p a r t i c l e s in magnetized iron where, according t o the author's views, the e f f e c t i v e f i e l d was represented by the B-vector. A r e s u l t of t h i s work was the development of a "magnetic lens" consisting of two counters in coincidence, one above and one below two plates o f oppositely magnetized iron, p a r t of a closed magnetic c i r c u i t (see Figure 9 ; t h i s p a r t i c u l a r design evolved from a conversation of the author w i t h Professor Puccianti). P a r t i c l e s passing through the upper counter are concentrated toward the lower counter o r d e f l e c t e d away from i t depending on the s i g n o f t h e i r charge (11) . This k i n d o f lens was a c t u a l l y used several years l a t e r t o separate p o s i t i o n s from negative p-mesons. Fig. 8 . A cosmic-ray "telescope"
A t h r e e f o l d coincidence experiment was responsible f o r the discovery, i n 1932, o f the production, by cosmic rays, o f an abundant secondary r a d i a t i o n (12) . Three ~e i~e r -~G l l e r counters were arranged i n an t r i a n g u l a r a r r a y as shown i n Figure 10 , so t h a t a s i n g l e p a r t i c l e , t r a v e l i n g along a s t r a i g h t Tine, could n o t traverse a l l Fig. 9 . A magnetic l e n s f o r cosmic rays o f them. With t h e counters enclosed i n a lead s h i e l d a few centimeters t h i c k , a l a r g e number of t h r e e f o l d coincidences was observed. Since the coincidence r a t e decreased d r a s t i c a l l y when t h e l e a d s h i e l d was removed, i t was c l e a r t h a t most o f the coincidences observed w i t h the lead i n place were due t o associated groups o f p a r t i c l e s generated i n the s h i e l d by cosmic rays.
While the research program by means o f the coincidence method was i n progress, a d i f f e r e n t , very powerful research t o o l -the cloud chamber -was being applied t o cosmic-ray research.
Already i n 1927 Skobel tzyn had photographed a few tracks of cosmic-ray p a r t i c l e s $13). However, when applied t o cosmic-ray studies, the cloud chamber had a serious rawback. If expanded a t random, the p r o b a b i l i t y of i t s catching a cosmic-ray p a r t i c l e during i t s s h o r t s e n s~t i v e time i s very low. Obviously, the y i e l d o f useful p i c t u r e s would be g r e a t l y increased i f the chamber were expanded immediately a f t e r the passage o f a cosmic r a y p a r t i c l e . With these considerations i n mind, 
B l a c k e t t and O c c h i a l i n i s e t o u t t o develop a chamber t r i g g e r e d by the coincidences
between p r o p e r l y arranged G e i g e r -~l l l e r counters (14) . The construction o f t h i s counter-controlled chamber was a d i f f i c u l t task, mainly because o f the requirement t o expand the chamber w i t h a very small delay a f t e r the passage o f the p a r t i c l e , so as t o l i m i t the widening o f the t r a c k due t o i o n d i f f u s i o n . ( B l a c k e t t and Occhialin succeeded i n c u t t i n g down t h i s delay t o 1/100 second).
Among the f i r s t p i c t u r e s taken w i t h the counter-controlled chamber, B l a c k e t t and O c c h i a l i n i found several showing groups o f associated p a r t i c l e s ( Figure 11 ) which they c a l l e d showers and which were c l e a r l y i d e n t i c a l t o the groups o f secondary p a r t i c l e s detected s h o r t l y before by means o f G e i g e r -V i l l e r counters. The c l e a r e s t evidence f o r the existence of t h i s "new" p a r t i c l e came from the picture reproduced i n Figure 12 , which shows a positive p a r t i c l e coming from below, Cloud-chamber picture, which provided the f i r s t evidence of the posttive electron which e n t e r s a 1 cm t h i c k platinum p l a t e with a magnetic r i g i d i t y of 2.1 x lo5 gauss.
cm and e x i t s with a magnetic r i g i d i t y of 7.6 x l o 4 gauss-cm. Both sections of the track show minimum ionization. From these data one can prove t h a t the mass of the p a r t i c l e must be close t o t h a t of the electron.
The second discovery was t h a t of the p-meson (called mesotron a t t h a t time).
Two groups, both working w i t h cloud chambers, share the c r e d i t f o r t h i s discovery. Neddermeyer and Anderson (16) used a cloud chamber containing a 1 cm thick platinum plate. Comparing the behavior of p a r t i c l e s of simi j a r magnetic r i g i d i t y , they found t h a t they f e l l i n t o two sharply d i s t i n c t groups. P a r t i c l e s of the f i r s t group l o s t a large amount of energy on traversing the plate; these p a r t i c l e s were clearly electrons losing energy by radiation, a s predicted by the theory o f Bethe and Heitler. P a r t i c l e s of the second group l o s t very l i t t l e energy. Therefore they must have a mass greater than t h a t of electrons. On the other hand, the ionization density showed t h a t they had a mass smaller than t h a t of protons. I t was thus necessary t o conclude t h a t they were p a r t i c l e s of a "new" kind with a mass i n t e rmediate between the mass of the electron and the mass o f t h e proton. (17) succeeded not only i n confirming the r e s u l t s of Neddermeyer and Anderson, but also i n actually measuring the mass o f the "new" p a r t i c l e . For t h i s purpose, they selected, by a s u i t a b l e counter arrangement, p a r t i c l e s near the end of t h e i r range, f o r which the ionization density i s a more c r i t i c a l function of the mass than f o r f a s t e r p a r t i c l e s . They obtained several mass estimates of which the most accurate gave a value of 175 2 25 electron masses ( t h e present val ue i s 209).
S t r e e t and Stevenson
The g r e a t successes of the cloud chamber technique did not make ~e i~e r -~l l l e r counters obsolete. The coincidence technique was s t i l l best suited f o r gathering s t a t i s t i c a l information. Many counter experiments were performed i n the l a t e 1930's and e a r l y 19401s, some of which required f u r t h e r developments of the electronics. Frequently i t was necessary t o s e l e c t events (known as anticoincidences) in which some counters were discharged while others were not. I believe t h a t S t r e e t and Stevenson were the f i r s t t o use a n t i coincidences to t r i g g e r t h e i r chamber.
An anticoincidence experiment was performed i n 1938 f o r the study of the photon component of the local cosmic radiation (18) . The experimental arrangement i s shown in Figure 13 . Counters A a r e connected i n p a r a l l e l , and so a r e counters 0. 
. I t was argued t h a t a photon i n t e r a c t i n g i n t h i s s h i e l d w i l l f a i l t o produce an a n t i c o i n c i d e n c e because e i t h e r i t w i l l n o t emerge from t h e s h i e l d , o r i t w i l l emerge accompanied by a shower o f i o n i z i n g p a r t i c l e s , which w i l l discharge t h e a n t i c o i n c i d e n c e counters A.
The c i r c u i t used i n t h i s experiment t o s e l e c t a n t i c o i n c i d e n c e s was v e r y simple. The w i r e s o f counters B, C, and D were coupled t o t h e g r i d s o f t h r e e vacuum tubes; as i n t h e o r d i n a r y " p a r a l l e l " coincidence c i r c u i t , t h e p l a t e s o f t h e t h r e e tubes were connected t o g e t h e r and t o t h e p o s i t i v e t e r m i n a l o f a v o l t a p e supply through a common r e s i s t o r . The c o u n t e r a r r a y A was coupled t o t h e g r i d o f a f o u r t h vacuum tube, whose p l a t e was connected through a r e s i s t o r t o t h e p l a t e s o f t h e o t h e r tubes. The o u t p u t was a t t h e j u n c t i o n o f t h e two r e s i s t o r s . With a p r o p e r c h o i c e o f these r e s i s t o r s , t h e o u t p u t p u l s e due t o an a n t i c o i n c i d e n c e BCD-A was c o n s i d e r a b l y s m a l l e r than t h e o u t p u t p u l s e due t o a c o i n c i d e n c e ABCD. I t was then an easy t a s k t o s e l e c t e l e c t r o n i c a l l y t h e small a n t i c o i n c i d e n c e pulses.
Soon t h e a n t i c o i n c i d e n c e method became w i d e l y used. One o f i t s a p p l i c a t i o n s was t h e s e l e c t i o n o f cosmic-ray u-mesons w i t h i n a narrow energy band, a s e l e c t i o n achieved by t h e requirement t h a t t h e mesons be capable o f t r a v e r s i n g a g i v e n absorber thickness, b u t be stopped by an a d d i t i o n a l t h i c k n e s s .
I t i s h a r d l y necessary t o p o i n t o u t t h a t t h e main
A s o p h i s t i c a t e d experiment, s t i l l u s i n g ~e i g e r -~l l l e r counters, b u t r e q u i r i n g a much more e l a b o r a t e c i r c u i t r y t h a n had been used i n p r e v i o u s experiments, was performed i n 1941-42, f o r t h e p u r ose o f making an a c c u r a t e d e t e r m i n a t i o n o f t h e mean l i f e o f p-mesons a t r e s t (19!, (20) .
The experimental arrangement i s shown i n F i g u r e 14. The events o f i n t e r e s t a r e those i n which a meson, a f t e r t r a v e r s i n g counters L, A1, and A2, comes t o r e s t i n the absorber A and subsequently decays,
producing an e l e c t r o n which discharges one o f counters B. An e v e n t o f t h i s k i n d i s d e t e c t e d as an a n t i c o i n c i d e n c e L A1 A2 B-M by t h e c i r c u i t C, whose r e s o l v i n g t i m e i s l o n g compared w i t h t h e 1 i f e t i m e o f v-mesons. The h e a r t o f t h e experiment i s a " t i m e c i r c u i t " T. To d e s c r i b e i n d e t a i l t h i s complex c i r c u i t (perhaps t h e p r o t o t y p e o f t i m e -t o -p u l s e h e i g h t c o n v e r t e r s ) would take me t o o f a r a f i e l d . S u f f i c e t o say t h a t i t operates i n t h e f o l l o w i n g manner. When a coincidence A1 A2
s i g n a l s t h e a r r i v a l o f a meson, a c u r r e n t through a r e s i s t o r i s t u r n e d on, and as measured i n t h e experiment which I have described. The mean l i f e determined w i t h t h i s experiment was 2.15 microseconds, t o be compared w i t h a l i f e t i m e o f 2.21 microseconds which was measured l a t e r on p-mesons produced by hiah-energy a c c e l e r a t o r s .
S t i l l another i m p o r t a n t technique -t h e technioue o f photographic emulsionscame t o t h e foreground toward t h e m i d d l e 1340's through t h e work o f Powell, O c c h i a l i n i , and t h e i r associates.
Photographic e r u l s i o n s had been used f r e o u e n t l y f o r t h e d e t e c t i o n o f i o n i z i n g p a r t i c l e s . However, o r d i n a r y emulsions, such as a r e used i n o p t i c a l work, had two s e r i o u s drawbacks. Fig. 16 . Huclear emulsion photogranh o f a n-.p-te decay t h e photographic emulsion and decaying i n t o a p-meson, which a l s o stops and then decays i n t o an e l e c t r o n (23).
One was t h e f a c t t h a t t h e a v a i l a b l e emulsions were very t h i n , so t h a t o n l y p a r t i c l e s t r a v e l i n ? almost para1 l e l t o t h e photographic p l a t e l e f t a t r a c k o f any l e n g t h . The o t h e r d i f f i c u l t y was t h a t o r d i n a r y emulsions were s e n s i t i v e o n l y t o h e a v i l y i o n i z i n? p a r t i c l e s . The f i r s t d i f f i c u l t y was overcome by s p e c i a l development porcesses capable o f h a n d l i n g emulsions up t o 100 times t h i c k e r than those used p r e v i o u s l y . The second d i f f i c u l t y was overcome by t h e p r e p a r a t i o n o f s p e c i a l emulsions (known as n u c l e a r emulsions) whose s e n s i t i v i t y t o i o n i z i n p p a r t i c l e s was g r e a t l y increased by an i n c r e a s e i n t h e p r o p o r t i o n o f heavy elements (Ag, Br, I ) and by a proper c h o i c e o f t h e g r a i n s i z e .

A g r e a t many r e s u l t s o f fundamental importance were o b t a i n e d through t h e use of t h e technique o f n u c l e a r emulsions. Perhaps t h e most i m p o r t a n t was t h e d i scovery, i n 1947, by L a t t e s , Powell, and O c c h i a l i n i , o f t h e n-meson(22), whose e x i s t e n c e had been p r e d i c t e d t o e x p l a i n t h e weak n u c l e a r i n t e r a c t i o n o f p-mesons. F i g u r e 16 i s t h e r e p r o d u c t i o n o f a p i c t u r e , showing a *-meson coming t o r e s t i n
I have n o t y e t mentioned a n o t h e r v e r y i m p o r t a n t s c i e n t i f i c development, which occurred a t t h e same t i m e as t h e d e t e c t i o n o f t h e n-meson. I am r e f e r r i n g t o t h e d i s c o v e r y o f t h e s t r a n n e a r t i c l e s . As you know, s t r a n g e ? a r t i c l e s were f i r s t observed i n 1947 on cloudFchanber p i c t u r e s by Rochester and B u t l e r (24). !!any addit i o n a l r e s u l t s were o b t a i n e d i n l a t e r y e a r s by weans o f b o t h cloud-chambers and n u c l e a r emulsions. Since no b a s i c a l l y new t e c h n i c a l developments were i n v o l v e d i n these experiments, I s h a l l n o t d i s c u s s them any f u r t h e r .
Sometime, between t h e l a t e 1940's and t h e e a r l y 1950Js, cosmic-ray research underwent a r a d i c a l change. On t h e one hand, i n 19LO b a l l o o n experiments by Schein and co-workers (25), ( u s i n g Geiger-tLUller c o u n t e r s ) and, i n 1948, b a l l o o n experiments by B r a d t and P e t e r s ( 2 6 ) , ( u s i n g n u c l e a r emlsions) had s o l v e d t h e problem concerning t h e n a t u r e o f t h e p r i m a r y cosmic r a d i a t i o n . This was now known t o c o n s i s t o f protons, w i t h a small admixture o f bare n u c l e i o f t h e h e a v i e r elements. The seconda r y processes o c c u r r i n g i n t h e atmosphere and aeneratinrj t h e v a r i o u s components o f t h e l o c a l r a d i a t i o n ( p e n e t r a t i n g component, shower-producing component, n u c l e a ra c t i v e component) had been c l a r i f i e d . On t h e o t h e r hand, w i t h t h e development of high-energy a c c e l e r a t o r s , cosmic r a y experiments ceased t o be t h e o n l y , o r even t h e most p r o f i t a b l e source o f i n f o r m a t i o n about high-energy i n t e r a c t i o n s and about the ephemerai p a r t i c l e s produced i n these i n t e r a c t i o n s . Some cosmic-ray p h y s i c i s t s turned t o accelerator work. Those who remained i n the f i e l d o f cosmic rays turned t o problems o f a new kind, which, i n some way o r another, were r e l a t e d t o t h e questions concerning the place o f o r i g i n and the mechanism o f production o f cosmic rays, These problems provided the i n c e n t i v e f o r the development o f new experimental techniques, i n which Geiger-Puller counters no longer played a dominant r o l e as they had i n the past.
Without attempting t o present a comprehensive account, I s h a l l describe b r i e f l y some o f the experimental methods used i n two p a r t i c u l a r l y important research programs; i.e., the work on a i r showers and the work on the chemical and i s o t o p i c composition o f primary cosmic rays.
Evidence f o r the existence o f a i r showers was available, although n o t widely known, since the e a r l y 30's. Reportino on the r e s u l t on an expedition t o East i f r i c a i n 1933, the author wrote, i n a pub1 i c a t i o n o f tile I t a l i a n Research Council : The frequency o f the coincidences between counters f a r from one another appears (27) . Their work, s t i l l c a r r i e d o u t by means of ~e i~e r -1 1 C l l e r counters, produced r e s u l t s o f very g r e a t s i g n i f i c a n c e . However when, i n the l a t e 40ts, a i r shower work was resumed, i t becaKe c l e a r that, i n order t o s u b s t a n t i a l l y advance and r e f i n e these studies, more sophisticated kinds o f detectors were needed. !!oreover, because o f the r a r e occurrence o f very l a r g e showers, i t was necessary t o use l a r g e numbers o f detectors spread over l a r g e areas. The main i n t e r e s t o f a i r shower expericents, o f course, i s t h a t they provide the o n l y a v a i l a b l e means o f d e t e c t i n g primary cosmic-ray p a r t i c l e s o f the highest energies and o f determining t h e i r energy spectrum and t h e i r a r r i v a l d i r e c t i o n s . An important requirement o f the detectors was t h a t they should be a b l e t o measure the l o c a l density o f the shower p a r t i c l e s , t h i s being the basic i n f o r m a t i o n needed f o r e s t i v a t i n g the t o t a l shower sizes and consequently t h e energy o f the p a r t i c l e s by which they are produced. A d e t e c t o r f u l f i l l i n c t h i s requirement i s the "pulse" i o n i z a t i o n chamber. This i n s t r u~e n t reserrbles p h y s i c a l l y an oversize Geiger-P!Uller counter. t!owever, the diameter of t h e i n n e r electrode, the gas pressure and the operating voltage are chosen so as t o avoid gas m u l t i p l i c a t i o n . When f i l l e d w i t h a r a r e gas, a "pulse" chamber w i l l produce f a s t pulses, proportional t o the i o n i z a t i o n generated w i t h i n i t s volume by a passing p a r t i c l e . I n 1948, Williams of MIT made some observations a t Vount Evans, Colorado using an array o f f o u r pulse i o n i z a t i o n chambers. For a number o f a i r showers, he succeeded i n determining the core l o c a t i o n and the approximate l a t e r a l d i s t r i b u t i o n o f shower p a r t i c l e s . The l a r g e s t shower which he detected had about lo8 p a r t i c l e s , a number corresponding t o a primary energy o f about 2 x 1017 ev. I n order t o advance a i r shower studies, i t was necessary t o increase subs t a n t i a l l y both the s i z e and the number of detectors i n the array. For p r a c t i c a l reasons, t h i s could n o t be done using pulse i o n i z a t i o n chambers. Therefore these detectors were abandoned i n favor o f detectors o f a d i f f e r e n t kind, i.e., scintill a t i o n detectors.
I n 1939, a systematic i n v e s t i g a t i o n o f a i r showers was i n i t i a t e d by Auaer and h i s c o l l a b o r a t o r s
A t t h a t t i r e , the s c i n t i l l a t i o n counter technique was i n i t s infancy. Between 1947 and 1948, i t had been found t h a t several organic compounds (naphthalene, anthracene, s t i l hene) , when traversed by i o n i z i n g p a r t i c l e s , produced s h o r t 1 i r h t flashes which could be chanced i n t o e l e c t r i c pulses by photorrul t i p 1 i e r s . S h o r t l y t h e r e a f t e r (1949-1%0) i t was shown t h a t c e r t a i n orcanic s o l u t i o n s and c e r t a i n p l a s t i c m a t e r i a l s were a1 so e f f i c i e n t s c i n t i l l a t o r s and so were some inorganic m a t e r i a l s (sodium iodide, c e s i u~ i o d i d e ) . The organic s c i n t i l l a t o r s were found t o be p a r t i c u l a r l y f a s t , the r i s e t i~e o f t h e i r pulses being abotit 20 nanoseconds. F11 s c i n t i l l a t o r s operated as p r o n o r t i o n a l detectors; i.e., the s i z e o f the photc--a u l t i p l i e r p u l s e was p r o p o r t i o n a l t o t h e eneroy d i s s i p a t e d by t h e i o n i z i n g p a r t i c l e i n t h e s c i n t i l l a t i n g m a t e r i a l . . These were arranged one n e x t t o t h e o t h e r , t h e i r sweeps were t r i o g e r e d when simultaneous pulses g r e a t e r than a c e r t a i n s i z e were recorded by a t l e a s t t h r e e d e t e c t o r s , and t h e i r t r a c k s were photographed ( F i g u r e 17). From t h e photographic records one c o u l d determine b o t h t h e times o f a r r i v a l of t h e shower f r o n t a t t h e v a r i o u s d e t e c t o r s , and the l o c a l d e n s i t y of shower p a r t i c l e s . From t h e times o f a r r i v a l one c o u l d determine t h e o r i e n t a t i o n o f t h e shower a x i s ; then, u s i n g t h e d e n s i t y i n f o r m a t i o n , one c o u l d determine t h e p o i n t o f i n c i d e n c e o f t h e shower a x i s , t h e d e n s i t y of shower p a r t i c l e s as a f u n c t i o n o f d i s t a n c e f r o r t h e shower a x i s and t h e t o t a l number o f p a r t i c l e s i n t h e shower. Using t h e shower theory, one c o u l d then e s t i m a t e t h e p r i m a r y energy (29) .
A p r e l i r i n a r y experiment w i t h s c i n t i l l a t i o n d e t e c t o r s was nerformed i n 1952-
53 f o r t h e purpose o f s t u d y i n g t h e l o n g i t u d i n a l spread o f shower p a r t i c l e s . A t t h a t time, l a r g e s o l i d s c i n t i l l a t o r s were n o t a v a i l a b l e , and a l s o s n a l l s c i n t i l l a t o r s were v e r y expensive. Therefore t h e e x p e r i r ,~e n t used t h r e e l i q u i d s c i n t i l l a t o r s ( t e r p h e n y l s o l u t i o n i n benzene) viewed by photomul t i p 1 i e r s , whose o u t p u t s were f e d t o f a s t amp1 i f i e r s . A n a l y s i s o f t h e r e l a t i v e t i r e s o f a r r i v a l o f shower p a r t i c l e s o v e r t h e d e t e c t o r s showed t h a t , a t any i n s t a n t o f t i n e , t h e shower p a r t i c l e s a r e contained i n a n e a r l y f l a t , very t h i n d i s k ( o n l y 1 o r 2 m t h i c k ) p e r p e n d i c u l a r t o t h e shower a x i s . This r e s u l t was i m p o r t a n t f o r t h e desinn o f f u t u r e a i r shower experiments f o r i t showed t h a t one c o u l d d e t e r n i n e t h e o r i e n t a t i o n o f t h e d i s k , and t h e r e f o r e t h e a r r i v a l d i r e c t i o n o f t h e shower, by measuring t h e r e l a t i v e t i m e delays o f t h e v a r i o u s d e t e c t o r s o f an a r r a y (27). The f i r s t l a r g e a i r shower a r r a y was b u i l t i n 1955 a t t h e Apassiz S t a t i o n of t h e Harvard Observatory by C l a r k and h i s c o l l a b o r a t o r s . The a r r a y c o n s i s t e d o f 15 l i q u i d s c i n t i l l a t o r s , o f 1 m2 area, arranged on a r i n g o f 500 m diameter. The d i f f i c u l t and l a b o r i o u s ~r o b l e r o f a n a l y z i n g t h e o b s e r v a t i o n a l data was s o l v e d by seans o f d i g i t a l computers, which o n l y r e c e n t l y had become a v a i l a b l e . A dangerous i n c i d e n t , which o c c u r r e d s h o r t l y a f t e r t h e b e g i n n i n g o f t h e observ a
t i o n s , was t h e m o t i v a t i o n o f s t i l l another i m p o r t a n t t e c h n i c a l advance. I n t h e s u m e r o f 1955, d u r i n g a storm, one o f the l i q u i d s c i n t i l l a t o r s b u r s t i n t o flame, p r o b a b l y because o f 1 i ghtning. T h i s e v e n t emphasized t h e d e s i r a b i l i t y o f r e p l a c i n g t h e flamnable l i q u i d s c i n t i l l a t o r s w i t h n o n -f l a m a b l e s o l i d s c i n t i l l a t o r s . As I a l r e a d y mentioned, these were n o t a v a i l a b l e a t t h a t time; however, C l a r k and h i s a s s o c i a t e s succeeded, i n 1956, i n developing a technique f o r p r o d u c i n a t a v e r y modest cost, d i s c s o f p l a s t i c s c i n t i l l a t o r s
The l a r g e s t shower d e t e c t e d d u r i n g the o p e r a t i o n o f t h e Agassiz exoeriment had 2.6 x lo9 p a r t i c l e s ; t h e corresponding p r i n a r y energy was a b o u t 5 x 1 0 l b eV.
A f t e r t h e completion o f t h e o b s e r v a t i o n s a t t h e Agassiz S t a t i o n , t h e a i r shower a r r a y was moved t o t h e Altopiano, n e a r La Paz, B o l i v i a . I n t h e meantime, John L i n s l e y and L i v i o S c a r s i had s t a r t e d b u i l d i n g a much l a r g e r a i r shower a r r a y a t t h e Volcano Ranch s i t e , near Albuquerque, flew K e x i c o (30).
The p r i n c i p l e o f t h i s experiment was t h e sane as t h a t o f t h e experiment a t t h e Agassiz s t a t i o n . The d e t e c t o r s were aoain d i s k s o f s c i n t i l l a t i n g p l a s t i c from t h e MIT " f a c t o r y " .
During t h e e a r l y observations, t h e a r r a y was formed by 19 u n i t s , each c o n s i s t i n g o f f o u r d i s k s , and d i s t r i b u t e d on a hexagonal p a t t e r n as shown i n F i g u r e 18. A t f i r s t t h e d i a n e t e r of t h e a r r a y was 1,800 k~: l a t e r t h e diameter was Later s t i l l the four disks of each u n i t were used separately t o form a somewhat smaller array, consisting of a larpe number of closely spaced detectors; the purpose of t h i s arrangement was a detailed study of the l a t e r a l dist r i b u t i o n . The l a r g e s t shower detected a t Volcano Ranch had about 5 x 101° p a r t i c l e s , corresponding t o a primary energy of about 1020 eV (31) .
The Volcano Ranch experiment produced, among o t h e r s , two r e s u l t s o f b a s i c importance f o r the problem o f the o r i q i n o f cosmic rays. They were ( 1 ) the f i n d i n g t h a t t h e p r i m a r y spectrum extends, w i t h o u t a break, t o a t l e a s t 1020 eV; and ( 2 ) t h e demonstration t h a t p r i m a r y p a r t i c l e s o f t h e h i g h e s t e n e r q i e s a r r i v e from a l l d i r e c t i o n s , and n o t o n l y from d i r e c t i o n s i n t h e g a l a c t i c p l a n e as they should i f they were o f g a l a c t i c o r i g i n .
For s e v e r a l years, t h e Volcano Ranch a r r a y was t h e l a r g e s t i n existence.
Then o t h e r g i a n t a r r a y s were b u i l t ; one a t Except i n t h e case o f experiments a i m i n g a t a search f o r showers coming f r o r a s e l e c t e d d i r e c t i o n , t h e o b s e r v a t i o n o f f l u o r e s c e n t l i g h t o f f e r s , p o t e n t i a l l y a t l e a s t , g r e a t advantages o v e r t h e o b s e r v a t i o n o f Cherenkov 1 i g h t . F l u o r e s c e n t 1 i g h t produced b y l a r g e showers reaches d i s t a n c e s o f s e v e r a l k i l o r e t e r s from t h e shower a x i s , thus p r o v i d i n g , w i t h a s i n g l e o p t i c a l s t a t i o n , d e t e c t i o n areas o f v e r y g r e a t dimensions. Also, s i n c e t h e f l u o r e s c e n t l i o h t generated i n a g i v e n s e c t i o n o f shower t r a c k i s p r o p o r t i o n a l t o t h e number o f shower p a r t i c l e s i n t h i s section, f r o s a l a t e r a l "photograph" o f a shower t r a c k by means o f t h e f l u o r e s c e n t r a d i a t i o n one c o u l d determine t h e l o n g i t u d i n a l development o f t h e shower. T h i s i s i m p o r t a n t i n f o r m a t i o n , b e a r i n g on t h e p r o b l e r o f t h e n a t u r e o f t h e p r i i r a r y p a r t i c l e ( p r o t o n ? h e a v i e r nucleus? y -r a y photon?).
However, because o f t h e exceedingly small i n t e n s i t y o f t h e f l u o r e s c e n t l i g h t , t h e t e c h n i c a l d i f f i c u l t i e s o f t h i s o b s e r v a t i o n a l method a r e v e r y g r e a t . I n an e f f o r t t o overcome these d i f f i c u l t i e s , Kenneth Greisen, i n t h e 194Oas, undertook an e x t e n s i v e research program which l a s t e d several years. T h i s program d i d n o t achieve a d e t e c t i o n o f t h e f l u o r e s c e n t l i g h t , b u t i t s r e s u l t s paved t h e way f o r f u t u r e work i n t h i s f i e l d . F i n a l l y , i n 1948, a program w i t h s u b s t a n t i a l l y g r e a t e r means, was undertaken a t t h e U n i v e r s i t y o f Utah under t h e d i r e c t i o n o f K e u f f e l . E v e n t u a l l y , i n 1976, t h e Ctah group working a t Volcano Ranch w i t h t h e c o l l a b o r a t i o n o f L i n s l e y , succeeded f o r t h e f i r s t t i m e t o d e t e c t t h e a t r o s p h e r i c f l u o r e s c e n c e o f a i r showers ( 3 2 ) . Today, t h e Utah experiment i s n o t y e t i n f u l l o p e r a t i o n . However, i t has d e t e c t e d a nunber o f shwoers through t h e i r f l u o r e s c e n t r a d i a t i o n , and has o b t a i n e d data on t h e i r l o n g i t u d i n a l development.
As I n o t e d above, Cherenkov l i g h t can be u s e f u l l y a p p l i e d t o u n i d i r e c t i o n a l observations.
Very r e c e n t l y , t h e group a t t h e U n i v e r s i t y o f Durham has r e p o r t e d t h e r e s u l t s o f an experiment of t h i s k i n d , aimed a t t h e d e t e c t i o n o f t h e emission o f u l t r a -h i g h energy y-rays by t h e p u l s a r i n the Crab Eebula. Working a t 1451 m. i n t h e Sal t Lake Desert, they observed Cherenkov 1 i q h t beams p o i n t i n 9 t o t h e Crab Nebula, a p p a r e n t l y due t o a i r showers generated by t h e s p o r a d i c emission o f p u l s e d y-rays w i t h energies g r e a t e r than 3 x 1012 ev (33).
As my l a s t subject, I would l i k e t o deal b r i e f l y w i t h t h e second o f t h e two research programs which I mentioned above. T h i s program, which was wade p o s s i b l e by t h e development o f space v e h i c l e s , concerns t h e d e t a i l e d s t u d y o f t h e chemical and i s o t o p i c c o~p o s i t i o n o f p r i a a r y cosmic rays. !!any s c i e n t i s t s p a r t i c i p a t e d i n t h i s program. They used d i f f e r e n t kinds of detectors, s u i t a b l e f o r p a r t i c l e s i n d i f f e r e n t ranges o f energy. John Simpson and h i s associates a t the U n i v e r s i t y o f Chicago have been p a r t i c u l a r l y a c t i v e i n t h i s f i e l d . T h e i r work, which began i n 1958 and i s s t i l l continuing, has produced many important r e s u l t s . Through the years, t h e i r detectors have become i n c r e a s i n g l y sophisticated and capable o f increasing p r e c i s i o n . These detectors have succeeded n o t o n l y i n d i s t i n g u i s h i n g n u c l e i o f neighboring elements, b u t a1 so i n separating isotopes o f the same element, thus p r o v i d i n g an estimate o f the amount o f s p a l l a t i o n suffered by complex nuclei, and, therefore, o f the amount o f i n t e r s t e l l a r matter which they traverse on t h e i r way t o the earth.
Most o f Simpson's experiments d e a l t w i t h s u b r e l a t i v i s t i c n u c l e i . For these the so-called E,-dE/dx method has proven very e f f e c t i v e . This method r e l i e s , f o r the i d e n t i f i c a t i o n o f nuclei, on a measurement o f t h e i r energy ( E ) and o f t h e r a t e o f t h e i r energy l o s s (-dE/dx) . Figure 19 
i t h t h i s instrument The t h i n s o l i d s t a t e d e t e c t o r Dl measures t h e energy o f t h e i n c i d e n t p a r t i c l e .
The t h i c k s c i n t i l l a t i o n d e t e c t o r D3 (where the p a r t i c l e comes t o r e s t ) measures i t s r e s i d u a l energy. The s o l i d s t a t e d e t e c t o r 02 i s merely used t o d e f i n e t h e i n c i d e n t beam.
The r e s u l t s o b t a i n e d i n a 6-months o b s e r v a t i o n time a r e shown by t h e diagram i n t h e lower p a r t o f t h e f i g u r e . Each p o i n t corresponds t o an i n d i v i d u a l p a r t i c l e . The abszissa represents t h e r e s i d u a l energy; t h e o r d i n a t e represents t h e r a t e of energy l o s s . The p o i n t s f a 1 1 on c l e a r l y separate bands, corresponding t o t h e v a r i o u s elements. The w i d t h o f t h e bands depends on unavoidable measurement e r r o r s , and a l s o on t h e d i f f e r e n t p a t h l e n g t h of d i f f e r e n t p a r t i c l e s i n t h e d e t e c t o r Dl ; a d i st u r b i n g e f f e c t which was l a t e r g r e a t l y reduced by t h e use o f curved d e t e c t o r s . 
DISCUSSION
Ch. PEYROU -I have two remarks to do : the first one is in connection with our two talks. You mentioned the great surprise of the physicists when it was found that particles could cross one meter of lead. I would like to point out that even to-day the P-mesons are the only particles that are capable of doing that : so their surprise is comprehensible. But in the historical work I had to do for my talk, I found that Street, Woodward and Stevenson made an experiment to repeat your experiment with a cloud chamber underneath to prove there were really single, charged particles because there were people, who should remain nameless, who thought they were y rays giving secondaries in every counter.
B. ROSS1 -I did such an experiment with Geiger counter to show that this was not the case.
Ch. PEYROU -Yes, I know that. The second remark I want to do has also to do with my talk. I mentionned the temperature developments as being recent, which made all the physics of emulsions apartof then-p discovery. Now, I think it should be Beppo Occhialini who should speak about it, but I'm sure he will not do it, or will you ?
G. OCCHIALINI -No, thank you.
Ch. PEYROU -But do you want me to tell what it was ? OK. Because I think it was a very important development which made ~ossible the success of K-physics in emulsions. The trouble with emulsions was that when you try to process them, the developer penetrates very slowly and therefore, you cannot develop homogeneously any significant thickness. 50 microns was the limit and it just happens that the T,lJ decay could and was discovered in such a small thickness. What Dillworth and Occhialini found is that heat diffuses much faster than liquids in emulsion. So what they did was to impregnate the emulsion with the developer at low temperature (h0C) where the chemical reaction is practically stopped. When the impregnation was homogeneous the plates were heated and, as I said, the temperature was rapidly equal everywhere and hence development. After that, a cold stop bath will put an end to the development and fixing followed. Emulsions of 600 microns thickness and even 1000 could be well developoed that way. It is this technique and the invention of stripped emulsion that allowed the great successes of the emulsion technique between 1948 and 1955.
